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Hofmeister (1) in 1891 described the effects of
various anions and cations on the swelling of
gelatin. The arrangement of ions according to
their ability to produce swelling has been desig-
nated as the Hofmeister or lyotropic series. From
our recent studies on determining the response
of a related protein, collagen, to various ions,
especially surface active agent types, there has
evolved another order of arrangement of swelling.
For example, dermal collagen has been found to
swell differentially in the presence of sodium
alkyl sulfates of varying carbon chain lengths.
According to several reports in the literature
(2, 3, 4), the chemical composition and physical
properties of mammalian skin collagen from
various sources are similar. Electron photomicro-
graphs have revealed that collagen from cu-
taneous tissue of different species resemble each
other. From X-ray diffraction studies, it has
been shown that collagen consists of elongated
chains of amino acids arranged parallel to one
another. Hydrogen bonding and salt linkages act
as stabilizing forces to prevent the collapse or
contraction of the parallel chains.
The ability of collagen to shrink or swell under
various conditions has been studied by several
investigators. Marriott (5) in 1932 suggested
that three distinct processes may occur in
collagen fibers during swelling: a) an osmotic
effect; b) increase in hydration of the protein;
c) physical separation of the fibers from one
another resulting in total width increase.
Gustavson (6) has indicated more recently that
swelling results in the destruction of the cross-
links on the peptide groups of adjacent chains
(hydrogen bonds) and to a lesser extent by dis-
ruption of the salt links. The effect may be
temporary or permanent depending on the
internal interaction between the chemical agent
and the protein.
* From the Research and Development
Division, Lever Brothers Company, Edgewater,
New Jersey.
Received for publication December 28, 1960.
263
Shrinkage or contraction, on the other hand,
has been explained by Lennox (7) to be a dehy-
dration process. Withdrawal of water from
collagen fibers causes adjacent polypeptide
chains to come closer together and increases the
opportunity for additional cross linking between
them. Lloyd (8, 9) has stated that nodules form
within the submicroscopic fibers and they in-
crease in diameter as shrinkage increases.
A significant fact in cutaneous physiology is
that fibrous structures take up water to swell
predominantly in the transverse direction com-
pared to the longitudinal direction. Taking
advantage of this phenomenon, a device was
adapted for measuring the increase or decrease in
thickness of skin discs before and after treatment
in various solutions.
Since normal skin consists of approximately
71% collagen, it was suggested that one aspect
of the skin response could be evaluated in terms
of the dermal collagen reactivity. Calf skin was
found to provide a most convenient and suitable
source of collagen. For comparative purposes,
intact excised human skin was utilized as a test
substrate to provide information on the effect of
chemical agents on the epidermis present along
with dermal tissue.
The sodium alkyl sulfates, representing pure
anionic surfactants, have been studied to deter-
mine their reactions to the skin substrates by the
disc thickness measurement technique. These
colloidal agents have the property of forming
micelles in solution, and each has a critical
micelle concentration value. Measurements of
colligative properties, surface tension, refractive
index and electrical conductivity of solutions of
surface active agents reveal discontinuities in the
relationship between the measured properties
and concentration. These discontinuities are
associated with the appearance of colloidal
aggregates of solute molecules in the system. The
concentration at which this occurs is generally
referred to as the critical mieelle concentration
(C.M.C.).
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MATERIALS AND METHODS
Calf Skin. Pickled calf skin, dehaired and with
epidermis removed was obtained from a com-
mercial tannery and was employed as a source of
collagen. In this state the skin remained supple
and was stored at 40 C. Pieces of skin tissue ap-
proximately 12 inches square were placed in a
solution of 5% sodium chloride and 2% sodium
acetate to permit exchange with the pickling
agents. After remaining in this solution for 18
hours, the tissue adjusted to a pH between 5.5
and 6.0. The skin was washed free of salts by
placing it in several changes of distilled water
during a period of 8 hours. Dehydration of the
tissue was accomplished by immersing it in ethyl
alcohol for one hour followed by immersion in
acetone for 18 hours. The excess acetone was re-
moved by placing the skin between several sheets
of absorbent paper. The skin was stretched on a
board by exerting a minimum amount of pressure
and then incubated in the dark at room tempera-
ture to remove final traces of acetone. Within 2—3
hours, the skin became white, smooth, and de-
hydrated. Discs of 8 mm diameter were cut from
the specimen with the aid of an electric drill press.
For uniformity, discs measuring between 0.80 mm
and 1.2 mm in thickness were retained and stored
in sealed glass containers at room temperature
until used.
Human Skin. Abdominal skin was removed at
autopsy and immediately placed in a container
submerged in dry ice until used. The subcutaneous
layer was removed with a scalpel after the speci-
men was permitted to thaw to 20° C. Care was
taken to prevent stretching and distortion of the
intact skin. Discs of 8 mm diameter were cut from
the specimen as described above and were used
without further preparation or dehydration.
Thickness Measurements. Each skin disc was
placed individually in a screw cap test tube con-
taining 20 ml of solution. The disc remained com-
pletely submerged in solution and was removed
briefly with a forceps at specific time intervals so
that changes in thickness could be recorded. The
use of a micrometer dial gauge calibrated in 0.01
mm units and designed to hold the disc served as
an accurate measuring apparatus. Significant
changes in disc thickness were shown in solution
concentrations as low as 0.001%. Change in thick-
ness was calculated in terms of the percentage
difference between the initial thickness and the
thickness following treatment. For each material
tested at each concentration, a total of four skin
discs were measured.
Buffer Solutions. Two buffer systems were em-
ployed. (a) Veronal buffer (10) was modified to
provide a constant ionic strength at each pH unit
from 3.0 to 11.0. The total salt concentration was
maintained at 0.540 grams per 100 ml. (b) Phos-
phate-Citric Acid-NaOH buffer (11) was used as
an analogous system which provided a pH range
from 3.0 to 12.0. The salt concentration in this
system varied from 0.325 to 3.10 grams per 100 ml.
Unbuffered Sodium Alkyl Sulfate Solutions. The
series of sodium alkyl sulfates from C8 to C18 was
prepared by our Organic Laboratory. The purity
of each compound was reported to be greater than
99%, as determined by surface tension measure-
ments. Each solution was freshly prepared im-
mediately before use, using distilled water of
pH 6.0. The concentrations were chosen to cover
the range above and below the critical micelle
concentration of each alkyl sulfate. The solutions
were within the pH range of 6.0-6.5.
Buffered Sodium Alkyl Sulfate Solutions. Buffers
of pH 4.0 and pH 7.0 were prepared with 0.2 M
disodium phosphate and 0.1 M citric acid. For
pH 10.0, 0.2 M disodium phosphate and 0.1 M
sodium hydroxide were used. The powdered alkyl
sulfates were dissolved directly in the buffer
solutions.
Staining Observations. Each skin disc was re-
moved from the buffer solutions or from the alkyl
sulfate solutions after 24 hours and was rinsed
twice in distilled water. The disc was transferred
to a 0.1% aqueous solution of indigo carmine for
30 seconds and then rinsed immediately in distilled
water. To determine whether or not staining had
occurred, the disc was observed for blue colora-
tion after subsequent rinsing in distilled water.
Untreated skin discs which remained in distilled
water for 24 hours served as controls. Indigo
carmine was utilized since this dye had been
found to have the property of differentially stain-
ing skin surfaces treated with various chemical
substances.
RESULTS AND DISCUSSION
Influence of Time Relative to Changes in Skin
Disc Thickness. In the initial work with calf
skin, discs were exposed to distilled water and to
alkyl sulfate solutions for various time intervals
ranging from 1 hour to 96 hours. Thickness
measurements taken between 1 and 22 hours
showed that the skin response to the chemical
agent did not reach equilibrium. Between 22 and
26 hours, equilibrium was achieved as evidenced
by consistent readings. From 26 to 96 hours,
only small changes of the order of 4% were
observed. It is important to note that human
skin discs reacted in the same manner as calf
skin discs in this respect. It was therefore con-
cluded that the measuring technic could be con-
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veniently standardized by taking readings at
24 hours.
To check the reproducibility of thickness
changes, calf skin discs prepared from the dorsal
and flank areas of one animal were examined.
Four dehydrated discs selected from dorsal
and/or flank areas of the same animal demon-
strated variations of thickness changes within a
range of 0.04 mm. after being subjected to
identical treatment conditions. The percentage
differences between the four replicate measure-
ments were small (1—2%). The same variations
were observed with excised human skin discs.
Influence of Temperature on Skin Discs Subjected
to Sodium Alkyl Sulfate Solutions
Calf Skin Discs. Swelling or contraction values
were based on the thickness of untreated dehy-
drated discs and were not significantly different
than if based on the thickness of untreated discs
hydrated in distilled water.
It was found that calf skin discs responded to
changes in temperature as well as to changes in
concentrations of the alkyl sulfate solutions.
Contraction or decrease in thickness, represented
by negative values, was observed only when the
discs were exposed to concentrations below the
critical micelle concentration of each alkyl
sulfate. Discs exposed to distified water also
showed slight contraction.
At 25° C. large increases in thickness were
observed at high surfactant concentrations.
When the temperature was increased to 350C.,
thickness increases were not of the same magni-
tude at the same alkyl sulfate concentrations.
The magnitude of swelling, frequently exceeding
100%, was a reflection of the extent of rearrange-
ment which occurred within the protein struc-
ture. At 45°C. the effect of heat on the disc as
well as the effect of the surfactant contributed to
the changes in thickness. It was found that a tem-
perature of approximately 55°C. produced gela-
tion of the collagen as a result of heat denatura-
tion. Data shown in Table I represents the
chnracteristic changes in disc thickness produced
by unbuffered C8HnSO4Na solutions.
The minimum concentration of each sodium
alkyl sulfate required to increase the disc thick-
ness at each of the three temperatures is given
in Table II. In general, the critical concentration
producing swelling was lower than the critical
micelle concentration reported by various authors
TABLE I
Per cent change in thickness of calf skin discs after
exposure to unbuffered C8H17SO4Na solutions
for 24 hours at three temperatures
(pH range from 6.0 to 6.5)
Per Cent
Concentration 25° C. 35 c. C.
1.0 —11.2 —14.2 —19.4
1.2 —11.5 —14.1
—19.5
1.4
—11.6 —14.2 —19.2
1.6 —5.4 —14.3 0.0
1.8 0.0 —13.9 +43.7
2.0 +6.5 —12.1 +56.6
2.5 +20.5 +48.2 +85.2
3.0 +35.1 +61.5 +94.8
3.5 +48.4 +70.7 +112.7
4.0 +57.3 +82.5 +116.3
Distilled water —2.1 —7.3 —17.5
TABLE II
Minimum sodium alkyl sulfate concentration
producing swelling of calf skin discs
Sodium Alkyl Sulfate
Per Cent Concentration at
25° C. 35° C. 45° C.
C8H17SO4Na
C10H21SO4Na
C12H25SO4Na
C14H29SO4Na
C16H3SO4Na
C18H37SO4Na
1.90
0.50
0.15
0.05
0.02
0.006
2.20
0.60
0.16
0.06
0.02
0.03
1.70
0.40
0.10
0.03
0.02
0.02
as determined by
shown in Table III.
conductivity measurements
By plotting the percentage swelling versus the
logarithm of the concentration, a straight line
was obtained from the values near and above the
C.M.C. of each alkyl sulfate as shown in Figures 1
and 2. Not shown in Figures 1 and 2 is the pla-
teau of each line at concentrations approximately
2 to 3 times greater than the critical micelle
concentration. Also not represented is the little
or no swelling observed at concentrations con-
siderably below the critical micelle concentration.
When the slopes of the swelling curves obtained
from Figures 1 and 2 are plotted as a function
of the carbon chain length of each compound,
Figure 3, it becomes apparent that the greatest
swelling response is exhibited by C12H25SO4Na
at each of the three temperatures. Alkyl sulfates
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TABLE III
Critical micelle concentrations (grams/tOO ml.) of
sodium alkyl sulfates by conductivity
measurements
Carbon
Chain
Length
Haffner,
Piccione
Rosenbium '(12)
C.M.C. °C.
Goddard
benson (th)
C.M.C. C.
Lottermoser
Pttschel (14)'
C.M.C. °C.
8
10
12
14
16
18
3.02
0.81
0.23
25
25
25
2.95
3.11
3.23
0.86
0.87
0.91
0.24
0.25
0.26
25
35
45
25
35
45
25
35
45
0.061
0.079
0.013
0.020
0.010
40
60
40
60
60
of carbon chain lengths C10 and 014 produced a
lower swelling response followed by C8, 016,
and C18.
d Percent Swelling
For C12H25SO4Na, d Log. Concentration
decreases with increasing temperature. For the
d Percent Swelling
others, . increases. As thed Log. Concentration
temperature is increased from 25° C. to 450 C.,
structural changes in the tissue begin to occur as
a result of the thermal influence. From the
physical chemistry of the alkyl sulfates, it is also
known that as the temperature is increased, the
C.M.C. value is increased since heating opposes
micelle formation due to the increased kinetic
energy of the single surfactant ions.
From these results, it is suggested that the
influence of this series of compounds on the
swelling or contraction of collagen is dependent
upon their degree of adsorption at the protein-
solution interface. Weakening or breaking of
chemical bonds holding the fibers intact is
Conc. grams/ tOO ml.
Fm. 1. Rate of swelling of alkyl sulfates of carbon chain lengths C to C54 as a function of concentra-
tion and temperature. Each curve indicates the swelling phase with the pre-swelling (below the C.M.C.)
and plateau (considerably above the C.M.C.) phases not shown.
25° C.
35°C.
450 C.
C8H57SO4Na
ID C10II21SO4Na
o C12II25SO4Na
• C14H29SO4Na
DETERMINATION OF THE RESPONSE OF SKIN 267
cnc. qroms/IOOu,t 01
Fio. 2. Rate of Swelling of alkyl sulfates of
carbon chain lengths C16 and Cis as a function of
concentration and temperature. Each curve
indicates the swelling phase with the pre-swelling
(below the C.M.C.) and plateau (considerably
above the C.M.C.) phases not shown.
25° C.
35°C.
450 C.
reflected in the changes observed. Osmotic forces
would tend to rupture hydrogen bonds and salt
linkages.
Human Skin Discs. Because of the limited
number of human skin discs available, only two
specific concentrations of the alkyl sulfates were
studied. One concentration level below and one
concentration level above the known critical
micelle concentration (35°C.) were employed in
each case. After 24 hours at 35°C., no swelling of
the excised human skin discs was found at the
concentration below the critical micelle concen-
tration of each alkyl sulfate as shown in Table IV.
Swelling was produced by each surfactant at the
concentration above its C.M.C. The greatest
swelling was found to occur in the C12II25SO4Na
solution followed in order by C14, C10, C8, C16, and
C18 alkyl sulfates. Swelling increases were in
excess of the 9.8% swelling value obtained from
discs subjected to distilled water only.
In comparison, thickness increases occurring
in human skin discs were not of the same magni-
tude as found for the calf skin discs. The initial
moisture content and salt concentration were
lower in the prepared calf skin than in the excised
human tissue, which may explain the differences
25° C.
35°C.
45° C.
TABLE IV
Response of excised human skin discs to
unbuffered sodium alkyl sulfate
solutions
/
100
50
C
U)
a'
0
,/// C,.
Uz0U
0
-I4
-J
Si
U)
4
ALKYL SULFATE CHAIN LEHGTH
Fio. 3. Relative swelling responses of alkyl
sulfates as a function of carbon chain length from
C8 to C38. The values of w11g are calculated
from the swelling curves as shown in Figures 1
and 2.
CuH35SO4Na
Ci8HSO4Na
Sodium Alkyl Sulfate Per Cent Concen-tration
Per Cent
Swelling
After 24
Hours at
35° C.
C8H17SO4Na 1.0 4.1
C8H17SO4Na 3.2 24.3
C10H21SO4Na 0.30 7.1
C10H21SO4Na 1.0 26.6
C,2H25SO4Na 0.08 9.1
C12H25SO4Na 0.30 40.5
C14H29SO4Na 0.03 8.0
C54H29SO4Na 0.08 35.1
C18H33SO4Na 0.01 3.5
C16H33SO4Na 0.03 13.6
C18H37SO4Na 0.005 3.7
C18H37SO4Na 0.02 11.8
Control Distilled
Water
9.8
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in swelling and contracting values. The measure-
tnents of human skin reflected both the epidermal
and derinal reactions although the tissue is
principally collagen, as is true of the calf tissue.
However, it is important to note the agreement
of the data between the two substrates.
Investigations reported in the literature also
indicated that the alkyl sulfates differ in their
effect on skin. Using human subjects, Emery and
Edwards (15) stated that sodium dodecyl sulfate
caused the most frequent skin irritation of all
the even-numbered sulfates from Cs to 018. Gale
and Scott (16) showed that sodium dodecyl
sulfate also exerted the most profound effect
upon nerve and muscle tissue.
Effecl of Buffer Solutions on Calf and Human
Skin Discs. Table V shows the results of exposing
skin discs to Veronal buffer and to phosphate-
citric acid-sodium hydroxide buffer in the
absence of surface active agents. In both buffer
systems, no swelling of the discs was observed at
pH 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 after 24
hours at 25°C. However, contraction or de-
crease in disc thickness was observed at each
pH unit within this range of 4.0 to 10.0. In both
systems, swelling was found to occur at pH 2.0,
3.0, 11.0, and 12.0. At the very high and very
low pH values, both the calf skin and human skin
had a roughened appearance indicating that
some tissue disintegration may have occurred.
It was observed that both calf skin and human
skin reacted in a similar manner to each buffer
solution at each pH unit.
TABLE V
influence of pH on per cent change in
skin disc thickness
pH
Calf Skin Discs
Per Cent Change in
Human Skin Discs
Per Cent Change in
Veronal
buffer
Phosphate-Citric acid-
NaOIl buffer
Verona!
buffer
Phosphate-Citric acid-
NaOH buffer
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
+130.2
+97.6
—31.5
—32.8
—30.7
—31.4
—33.8
—34.1
—34.0
+30.0
+148.3
+118.9
—29.2
—38.8
—39.7
—41.2
—41.9
—42.6
—42.7
+8.4
+152.9
+15.8
+10.3
0
0
0
0
0
0
0
+11.0
+89.3
+76.0
0
0
0
0
0
0
0
+9.9
+94.5
The buffer effects observed were in agreement
with reports in the literature showing the effect
of hydrogen ion concentration on collagen.
Bowes and Kenten (17) demonstrated relatively
no change in the amount of HC1 or NaOH react-
ing with collagen within the pH range from 4.0
to 10.0. The swelling and contraction responses
of the discs to hydrogen ion concentrations
resembled the titration curves and shrinkage
temperature curves reported for collagen and
other fibrous proteins.
Effect of Buffered Alkyl Sulfate Solutions
Calf Skin. The overall percentage change in
calf skin disc swelling was not of the same order of
magnitude in buffered alkyl sulfate solutions as
in unbuffered alkyl sulfate solutions. Data shown
in Table VI illustrates the lowered values of
thickness changes produced by buffered
C8H17SO4Na solutions in comparison to un-
buffered solutions of the same sürfactant
(Table I).
Investigations of the individual ions employed
in preparing the buffer solutions revealed that
the phosphate ion was responsible for producing
pronounced contraction. In addition, two in-
organic salts, sodium chloride and potassium
chloride, did not produce the pronounced con-
traction exhibited by disodium phosphate at
equal molar concentrations. Moreover, sodium
chloride at 0.85% showed neither swelling nor
contraction of the skin discs at 25°C.
The collagen disc reacted to the phosphate
salt at pH 4.0, 7.0 and 10.0, regardless of whether
or not the alkyl sulfates were present. Since the
TABLE VT
Per cent change in thickness of calf skin discs after
exposure to buffered C8H17SO4Na solutions
for J4 hours at C
Per Cent
Concentra-
tion
pH 4.0 pH 7.0 pH 10.0
1.0 —10.4 —15.9 —21.4
1.2 —11.2 —14.2
—20.2
1.4 —10.2 —15.3 —20.4
1.6 —9.6 —15.7 —20.9
1.8 —4.3 —12.4
—20.0
2.0 —0.7 —11.9 —15.2
2.5 +5.6 —1.5 —13.6
3.0 +7.1 +10.6 +0.2
3.5 +15.9 +11.2 +5.8
4.0 +19.0 +16.7 +6.9
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collagen was under the influence of both contract-
ing and swelling forces in the chemical environ-
ment of buffered alkyl sulfate solutions, the
concentrations of alkyl sulfates necessary to
produce swelling were higher in pH 4.0, 7.0, and
10.0 buffered solutions. The lowered amount of
swelling produced at pH 10.0 can be explained
by the fact that the attraction of surfactant ions
to the skin is retarded in an environment of a
high concentration of competing hydroxyl ions.
The adsorption of some chemical agents on skin
is known to be greater in the acidic pH range.
Staining Observations. By means of the staining
TABLE VII
Calf skin disc dye uptake
Disc Treatment
Sodium Alkyl Sulfate
Per Cent
Concen-
teation
Indigo Carmine
Dye Uptake by
Disc After
Sodium Alkyl
Sulfate
Treatment
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
0.08
0.10
0.12
0.14
0.15
0.16
0.17
0.18
0.19
0.20
0.40
0.60
0.80
Disc Treatment
Sodium Alkyl Sulfate
Per Cent
Concen-ttion
Indigo Carmine
Dye Uptake by
Disc After
Sodium Alkyl
Sulfate
Treatment
Distilled 1120
0.01
0.02
0.04
0.05
0.06
0.07
0.08
0.10
0.20
0.40
0.60
0.002
0.004
0.006
0.01
0.02
0.04
0.06
0.08
0.0005
0.001
0.002
0.004
0.006
0.008
0.01
0.02
0.04
0.06
(+) complete dye uptake by disc.(±) = slight dye uptake by disc.
(—) no dye uptake by disc.
technic, it was found that untreated calf skin
discs and discs treated with concentrations of
unbuffered sodium alkyl sulfates below the criti-
cal swelling concentration exhibited retention
of indigo carmine dye since rinsing the discs in
water did not cause the dye to be removed.
However, no dye adhered to discs which were
treated with an alkyl sulfate solution above the
concentrations which produced swelling. The
results of the staining reaction of distified water-
treated and surfactant-treated discs are given in
Table VII. The same observations were made
TABLE VII—Contin,ued
IV. C14H29S04Na
V. C16H35S04Na
VI. C1811,7SO4Na
1.0
1.2
1.4
1.6
1.8
2.0
2.5
3.0
3.5
4.0
+
+
+
+
±
+
+
+
+
±
+
+
+
+
+
I. C3H7SO4Na
II. C50H21SO4Na
III. C12H25S04Na
+
+
+
+
+
+
+
+
±
+
+
+
+
±
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2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
(++) intense dye uptake by disc.(+) = dye uptake by disc.
(—) = no dye uptake by disc.
with excised human skin discs as found in
Table IX, showing dye uptake at concentrations
below but not above the critical micelle con-
centration.
The ability of excised human skin and calf
skin discs to retain indigo carmine dye after
exposure to both Veronal buffer and phosphate-
citric acid-sodium hydroxide buffer systems is
given in Table VIII. From pH 2.0 through pH
10.0 inclusive, dye uptake was not inhibited on
discs exposed to either buffer. It is interesting to
note that the intensity of dye uptake was in-
creased at pH 2.0 and pH 3.0. Development of
cationic sites on the acid side of the isoelectric
point of the protein resulted in a greater number
of acidic dye molecules being attracted to it.
If the negative ions of the alkyl sulfates com-
bined initially with the basic protein groups of
the skin discs, the acidic dye molecules could not
become attached at these sites. It is postulated
that dye uptake could occur at binding sites on
the discs where there is no competition from
surfactant ions.
The staining characteristics of the skin discs
appeared to be associated with the swelling
phenomena observed. In each instance, the con-
centration of sodium alkyl sulfate which resulted
in inhibiting indigo carmine uptake coincided
with the concentration of sodium alkyl sulfate
which produced swelling of the discs. The pH of
the sodium alkyl sulfate solutions in equilibrium
TABLE IX
Human skin disc dye uptake
Disc Treatment
Sodium Alkyl Sulfate
Per Cent
Concen-
tration
Indigo Carmine Dye
Uptake by Disc
After Sodium Alkyl
Sulfate Treatment
C8H17S04Na 1.0 +
C8H17S04Na 3.2 —
C10H21S04Na 0.30 +
C10H21S04Na 1.0 —
C12H22S04Na 0.08 +
C121125S04Na 0.30 —
C14H29S04Na 0.03 +
C14H29S04Na 0.08 —
C16H,,SO4Na 0.01 +
C1611,,SO4Na 0.03 —
C,811,7SO4Na 0.005 +
C,811,7SO4Na 0.02 —
Distilled 1120 +
with the skin discs was constant over the con-
centration range studied.
Because the dye binding was not a reversible
process, it was not possible to remove the amount
of bound dye from the tissue in order to evaluate
the reaction quantitatively.
CONCLUSIONS
Measurement of skin disc thickness changes
by a micrometer dial gauge provides a rapid and
convenient means for determining the skin reac-
tion, which is characterized by the degree of
swelling or contraction of the disc.
There appears to be a good correlation of the
results of disc thickness changes and results of
the relative effect of the same agents studied on
human skin as indicated by the work of other
investigators.
Observations on the alteration of the staining
characteristics of the discs after treatment with
chemical agents provide additional information
concerning the reactions of the substrates.
Inhibition of indigo carmine dye uptake identifies
discs which exhibit swelling but not contraction.
Competition between dye and surfactant ions
for tissue binding sites is apparent.
Results on the effect of a homologous series of
sodium alkyl sulfates obtained by the in vitro
method presented are in agreement with litera-
TABLE VIII
Influence of pH on indigo carmine uptake by
excised human skin and calf skin discs
pH Veronal Buffer
++
++
+
+
+
+
+
+
+
Phosphate-CitricAcid-NaOH Buffer
++
++
+
+
+
+
+
+
+
(+) Dye uptake by disc.
(—) = No dye uptake by disc.
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ture reports on the effect of these agents on living
skin. The C12 aikyl sulfate produces the greatest
adverse effect on skin tissue, and C10, C14, C8,
C16, and C18 are arranged in decreasing order.
In order for disc swelling to occur, a concen-
tration near or above the critical micelle concen-
tration of each alkyl sulfate is required. The
presence of disodium phosphate suppresses the
swelling response in this system.
Swelling observed at a temperature of 45°C.
is indicative of a phase change occurring in the
tissue as influenced by heat as well as by the
action of the surfactant.
Since the substrates do not swell or do not
show dye uptake inhibition in the presence of
buffer alone from pH 4.0 through pH 10.0, com-
pounds and materials incorporated in products
designed for topical application can be studied
covering a wide pH range.
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